INTRODUCTION
============

Autism spectrum disorder (ASD) is a neurodevelopmental disorder defined by qualitative impairment in social communication, as well as restricted and repetitive behaviors and interests.[@B1] Although it has a broad range of severity, impaired language development is a core symptom of ASD.[@B2] Language and communication can be divided into several domains, such as phonology, prosody, syntax, semantics, and pragmatics. Of these, pragmatics is impaired in all individuals with ASD regardless of their level of functioning.[@B3][@B4] Pragmatics denotes functional language skills in a social context, and encompasses conventions, rules, and linguistic/non-linguistic means of engaging in socially reciprocal communication.[@B5] Even individuals with high-functioning ASD have impairments in the domains of pragmatics, in contrast to their relatively spared formal linguistic skills.[@B6][@B7]

For fluently reciprocal communication, the listener is required to understand the speaker\'s intended meaning that lies behind the literal meaning of the spoken words or sentences. However, individuals with ASD frequently tend to interpret a speaker\'s utterance overly literally.[@B8] This characteristic of ASD can be explained with reference to theory of mind (ToM), social knowledge, context, facial expressions, vocal prosody, figurative competence, and so on.[@B8] It is known that all of these components are impaired in individuals with ASD.[@B5][@B9][@B10][@B11] The most recent revision of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) included some important changes to the diagnostic criteria for ASD.[@B1] One such change is that impairments in social communication and social interaction are now integrated into one criterion in the DSM-5. This change suggests that social interaction and communication are intimately associated and thus difficult to separate.[@B5][@B12] Therefore, impaired social reciprocity may be associated with impaired pragmatics in individuals with ASD.

Several functional brain imaging studies have revealed aberrant neural activity during social language tasks in areas associated with sociality and language processing, although results among studies have been inconsistent.[@B4][@B10][@B13] As such, no cortical regions have been shown to have a clear relationship with impaired communication in ASD.[@B10] Some researchers have suggested that impaired neural activity underlying perceptual processing, such as of facial and vocal emotional expression, is related to deficits in pragmatics in ASD.[@B14][@B15] Other researchers have deemed that aberrant activity in "social brain areas" is associated with poor pragmatics in ASD. Social brain areas are known to be associated with mentalization/ToM, and individuals with ASD show abnormal brain activity in the medial prefrontal gyrus, one of the social brain areas, compared with control groups.[@B16][@B17] As described so far, functional brain imaging studies reflect associations with impaired pragmatics and social brain areas in ASD. However, there are no functional magnetic resonance imaging (fMRI) studies of Korean populations using pragmatic language tasks, despite the high prevalence of ASD in South Korea.[@B18]

In this study, we explored brain activity related to social and language processing, using a social language task. Moreover, we investigated the neural substrates of impaired pragmatic language comprehension in children with ASD, compared to typically developing children (TDC). To determine the neural mechanisms of social and language processing, we conducted an fMRI study with high functioning children with ASD and TDC using the Korean Autism Social Language Task (KASLAT), which is a pragmatic language task that incorporates Korean idioms.[@B12]

MATERIALS AND METHODS
=====================

Participants
------------

fMRI data were collected from 17 children with high functioning ASD and 19 TDC. Two participants with ASD and one typically developing child with excess head motion were excluded from the data analyses, resulting in 15 participants with ASD (1 girl, 14 boys; mean age±SD: 9.66±2.19 years) and 18 with TDC (8 girls, 10 boys; mean age±SD: 10.47±2.78 years). All children were recruited from a child and adolescent psychiatric clinic at Severance Children\'s Hospital, which is affiliated with Yonsei University College of Medicine. For the ASD group, diagnosis was obtained independently by two child and adolescent psychiatrists based on the DSM-5.[@B1] The diagnosis was supplemented by the Autism Diagnostic Interview-Revised and Autism Diagnostic Observation Schedule.[@B19][@B20] The following characteristics were exclusionary for the ASD group: 1) current brain damage or convulsive disorder, or history of same; 2) intellectual disability or language delay; or 3) comorbid child and adolescent psychiatric disorders. All TDC were screened by two child and adolescent psychiatrists with assessments including a psychological assessment and a neurological examination ([Table 1](#T1){ref-type="table"}). In order to distinguish between TDC and children with ASD clearly, we applied a social responsiveness scale to TDC and excluded children with a score of 40 or more: the scale has proven feasibility for quantitative ascertainment of autistic social impairment in public health settings.[@B21] None of the TDC had past or current developmental, medical, or psychiatric diagnoses. All participants were right-handed native speakers of Korean and had normal or corrected-to-normal vision. The children in the ASD and TDC groups were not significantly different in age and full-scale intelligence quotient (IQ). Participant characteristics, including age, sex, and full-scale IQ, are presented in [Table 1](#T1){ref-type="table"}. Participants were not sedated for the MRI scanning, and none were taking any psychoactive medications on the day of the scanning. This study was approved by the applicable institutional review boards for research with human subjects at Severance Hospital, Yonsei University College of Medicine (4-2012-0828), where this study was performed. All subjects and their parents were given a full description of the study and provided prior written informed assent and consent in accordance with the Declaration of Helsinki, respectively.

fMRI stimulus material
----------------------

We used the KASLAT as the stimulus in this study. The KASLAT was developed by our research team for assessing pragmatic abilities using idiom comprehension; the tool\'s reliability and utility was confirmed in a previous study.[@B12] As shown in [Fig. 1](#F1){ref-type="fig"}, the KASLAT is comprised of three conditions: neutral (N), matched (M), and mismatched (MM). The neutral task consists of sentences with a dictionary definition and matching pictures. Therefore, there is no conflict between the literal and figurative meanings of the sentence. The matched task consists of an idiom and a congruent image. In contrast, the mismatched task consists of idioms and mismatched images. Mismatched images depict the literal rather than the metaphorical meaning of the sentence. A block design was used for the sentence-judgment task while acquiring fMRI data. The fMRI scanning procedure was carried out as follows: Before the scanning, participants were told that a picture and sentence would be shown together. They were instructed to press "button 1" on response pads if the sentence and image were matched and to press "button 2" on response pads if the sentence and following image were mismatched. The stimuli within each condition were presented randomly. The sentence and image were presented for 2 seconds and each condition consisted of three trials. All conditions were repeated five times during the task; the total task-duration was 468 seconds.

fMRI parameters
---------------

We collected imaging data using a 3-tesla MRI scanner (Philips Healthcare, Best, the Netherlands). Functional and anatomical images were acquired using different MRI sequences. Functional images were obtained using a gradient echo single-shot echo planar imaging sequence \[repetition time (TR)=2000 ms, echo time (TE)=30 ms, in-plane resolution=3×3 mm^2^, slice thickness=3 mm, field of view (FOV)=240 mm, 32 slices\]. After acquiring functional images, we also obtained a T1-weighted anatomical image with specific scan parameters (TR=9.7 ms, TE=4.6 ms, in-plane resolution=0.86×0.86 mm^2^, slice thickness=1 mm, FOV=220 mm, 220 slices). T1-weighted and functional images had the same orientation for better coregistration in 3D-space.

fMRI data analysis
------------------

Functional data were analyzed using Brain Voyager QX (Brain Innovation B.V., Maastricht, the Netherlands). Anatomical data were spatially transformed to iso-voxel space with cubic spline interpolation and normalized by Talairach transformation. Functional data were preprocessed by slice-timing correction, head motion correction, and temporal high-pass filtering (fast Fourier transform, cut-off=0.01 Hz). These functional data were coregistered with each normalized anatomical image and spatially smoothed using a Gaussian kernel with 6 mm full-width at half-maximum. For individual analyses, activation maps of subjects were constructed using a general linear model that contained the contrasts of our study design. In group analyses, all individual maps were analyzed in Brain Voyager QX using a two-way ANOVA with a random effect. The group×condition interaction, the main effect of the group, and the overall main effect were estimated using whole-brain analysis. In addition, simple effects analysis was conducted to determine group differences in every condition. All activation maps were corrected for multiple comparisons at a cluster-level threshold of *p*\<0.005.

RESULTS
=======

Behavioral performance
----------------------

Reaction time (RT) and accuracy data are shown in [Fig. 2](#F2){ref-type="fig"}. To examine differences in RTs and accuracy, two-way ANOVAs were conducted. RTs showed significant main effects for group and condition \[F(1, 99)=7.55, *p*\<0.01; F(2, 99)=5.22, *p*\<0.01, respectively\] but a non-significant interaction between group and condition \[F(2, 99)=2.48, *p*\>0.05; data not shown\]. A two-way ANOVA of accuracy revealed only a significant main effect of group \[F(1, 99)=13.72, *p*\<0.001\]; the interaction between group and condition was non-significant \[F(2, 99)=0.34, *p*\>0.05; data not shown\].

To assess group differences in each condition, post-hoc t-tests were conducted for both RT and accuracy. In the N condition, TDC showed significantly slower RTs than participants with ASD \[t(31)=2.75, *p*\<0.01\] ([Fig. 2A](#F2){ref-type="fig"}). Even though a similar tendency was found in the other two conditions, there were no significant differences in RTs between TDC and ASD children in both M and MM conditions. Participants with ASD showed significantly lower accuracy than TDC only in the MM condition \[t(31)=2.63, *p*\<0.05\] ([Fig. 2B](#F2){ref-type="fig"}). There were no significant differences in accuracy between the two groups in N and M conditions.

fMRI data
---------

We noted a significant group×condition interaction in the right medial frontal gyrus \[MFG; F(2, 93)=6.92, *p*\<0.001\] ([Supplementary Fig. 1](#S2){ref-type="supplementary-material"}, only online). A main effect of group was significant in the right parahippocampal gyrus \[PG; F(1, 93)=10.59, *p*\<0.001\] ([Supplementary Fig. 2A](#S3){ref-type="supplementary-material"}, only online), and the main effect of condition was significant in several brain regions ([Supplementary Table 1](#S1){ref-type="supplementary-material"}, [Supplementary Fig. 2B](#S3){ref-type="supplementary-material"}, only online). To assess group differences, we conducted simple effects analysis in all three conditions ([Table 2](#T2){ref-type="table"}). As shown in [Fig. 3](#F3){ref-type="fig"}, TDC showed a stronger response in the right PG and a weaker response in the precuneus than participants with ASD in the N condition \[t(31)=3.19, *p*\<0.001; t(31)=3.14, *p*\<0.001, respectively\]. In the M condition, TDC showed a stronger response in the bilateral ventral stream areas \[t(31)=3.41, *p*\<0.001 for right hemisphere; t(31)=3.22, *p*\< 0.001 for left hemisphere\]. In the MM condition, TDC showed a stronger response in the right inferior frontal gyrus \[IFG; t(31)= 3.17, *p*\<0.001).

DISCUSSION
==========

The aim of the present study was to determine the behavioral and neural differences between children with ASD and TDC in a social language task using Korean idioms. In the MM condition, as we expected, children with ASD showed significantly decreased right inferior frontal gyrus (RIFG) activity, compared with TDC. Previous studies have suggested that the IFG is a component of the mirror neuron system, which is a core structure related to empathy and inference of other\'s mental states.[@B22][@B23][@B24] For fluent social communication, it is essential to understand various intonation, facial expressions, and pragmatic language, such as irony, metaphorical understanding, and idiomatic phrases. In other words, idiom comprehension plays an important role in understanding social language.[@B8][@B12] People acquire social language naturally by observing others and mimicking their speech. Therefore, deficits in inference and empathy regarding other\'s mental states may cause impairments in comprehension of social language. Contrary to our result, increased activity in the RIFG of individuals with ASD relative to TDC was observed in a previous study that incorporated a social language task. This can be explained by a compensatory mechanism to overcome difficulties in integrating contextual cues with given sentences.[@B25][@B26] A previous neuroimaging study revealed activation in several right-hemisphere brain regions during language comprehension.[@B27] Neural activity in the right hemisphere is thought to be associated with higher-level language processing, for example interpretation of ambiguous sentences.[@B28][@B29][@B30][@B31]

In our results, participants with ASD showed both lower performance accuracy and decreased RIFG activity, compared to TDC, when interpreting idioms with mismatched images. The deficient performance of participants with ASD in contextual language comprehension has been shown in other previous studies.[@B25][@B26] For people with ASD, it is difficult to interpret sentences according to context, such as idioms with matched images, and a compensatory mechanism is needed to overcome them, which seems to be related to activation of the right hemisphere. This discrepancy can be explained as an impaired compensatory mechanism for high-level language processing, such as idiom comprehension, in individuals with ASD; consequently, children with ASD showed significantly lower accuracy than TDC in the MM condition in this study due to failed compensatory processing.

In the M condition, children with ASD showed less activity in the bilateral ventral stream area (VSA) compared with TDC, although behavioral performance of the two groups did not differ significantly. The VSA is known as a visual word-form area that is associated with expertise in visual reading.[@B32][@B33][@B34] This cortical area responds preferentially to letter strings than to other categories of stimuli, such as faces or objects.[@B35] In particular, the left VSA shows lateralized neural activity in visual word-recognition, and the right VSA plays a compensatory role.[@B36] Based on these findings, we assume that children with ASD have a neural unique mechanism by which they process pragmatic language, especially for visual word-recognition.

Unexpectedly, in the N condition, participants with ASD showed lower activation of the bilateral precuneus and higher activation of the right PG, and there were no significant differences in behavioral accuracy between the two groups. In a previous study, functional connectivity between the right anterior insula and precuneus was decreased in participants with ASD during deictic shifting.[@B37] Another study showed increased activation of the bilateral PG in high-functioning ASD during active or passive sentence comprehension.[@B38] Initially, we expected that there would be no differences between groups in this condition because the sentences in the N condition could be comprehended literally with the picture provided. However, we found different neural activity in the two groups in several regions related to pragmatic language comprehension. These results likely reflect the aberrant language processing patterns of ASD.

Interestingly, children with ASD exhibited significantly faster RTs than TDC in the N condition. Further, we also found similar tendencies in the other two conditions. To understand idioms, it is necessary to integrate the idiomatic expression and social context in order to determine the speaker\'s true intentions. Response inhibition is a process that automatic response is withheld when a stop signal is detected; this effortful process is required for idiom comprehending not to interpret the idiom in an overly literal manner. The RIFG has been reported to play an important role in response inhibition.[@B39][@B40] In the present study, the decreased neural activity in the RIFG and the fast RTs that were shown by the participants with ASD can be explained as impaired response inhibition in this population.

There are several potential limitations to this study. First, the stimuli in the KASLAT task consisted of visual sentences and pictures. When people communicate reciprocally, a variety of verbal and non-verbal elements are involved, such as voice, accent, gestures, and facial expressions. However, there are technical limitations to the creation of stimuli that reflect real conversations. Second, the number of participants was limited and their gender ratio differed between the groups. The higher rate of ASD diagnosis in males than females is one possible reason for the gender discrepancy in our study. Finally, we recruited only high functioning children with ASD for this study; therefore, our results cannot be generalized to all individuals with ASD. To elaborate the neurobiological mechanisms of pragmatic language impairment in ASD would require study using more varied stimuli and larger samples.

In conclusion, we showed that children with ASD are less accurate and have different neural activity than TDC while performing an idiom comprehension task. To the best of our knowledge, this is the first fMRI study to show aberrant neural activity underlying pragmatic language processing in Korean children with ASD. Understanding the linguistic characteristics of children with ASD in social contexts can be used to determine educational interventions and to confirm the therapeutic effects of such interventions.
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###### Supplementary Table 1.

Main Effect of Group×Condition

###### Supplementary Fig. 1.

Interaction of group×condition. Significant interaction of group×condition was visualized with the statistical significance at corrected *p*\<0.001. ASD, autism spectrum disorder; TDC, typically developing children; MFG, medial frontal gyrus; N, neutral; M, matched; MM, mismatched.

###### Supplementary Fig. 2.

Main effect of group×condition. Significant effects of (A) group and (B) condition were visualized with the statistical significance at corrected *p*\<0.001. Detailed areas were shown in [Supplementary Table 1](#S1){ref-type="supplementary-material"} (only online).

![Paradigm design and example of the stimuli used in the KASLAT task. (A) This smells weird. This sentence has a similar meaning to the English expression, "I smell a rat." Literally, these expressions indicate an awkward smell. However, we understand that something suspicious or unreliable is going on in the social context. (B) Father became a pickled onion. This metaphorically implies an exhausted person. (C) He is digging his own grave. This is a Korean proverb that is used when someone refers to doing something stupid or making mistakes. (D) Crying fist. It refers to a person suffering from extreme anger or frustration. (E) Sit with your two legs stretched forward. (F) She shouted from the top of the mountain. s, sec; KASLAT, Korean Autism Social Language Task. N, neutral; M, matched; MM, mismatched.](ymj-59-897-g001){#F1}

![Mean RT and accuracy for KASLAT task in the ASD and TDC groups. (A) The RTs (ms) and (B) the percentage of the accuracy of behavior responses were calculated from recorded answers in each condition. Differences were considered statistically significant for ^\*^*p*\<0.01, ^†^*p*\<0.05. RT, reaction time; ASD, autism spectrum disorder; TDC, typically developing children; N, neutral; M, matched; MM, mismatched; KASLAT, Korean Autism Social Language Task.](ymj-59-897-g002){#F2}

![Different brain activation maps of ASD and TDC with a KASLAT task. ASD, autism spectrum disorder; TDC, typically developing children; N, neutral; M, matched; MM, mismatched; KASLAT, Korean Autism Social Language Task.](ymj-59-897-g003){#F3}

###### Demographic and Neuropsychological Data of the Subjects

![](ymj-59-897-i001)

                         ASD (n=15)     TDC (n=18)     *p* value
  ---------------------- -------------- -------------- -----------
  Sex, n                                               
   Male/female           14/1           10/8           
  Age (yr), mean±SD      9.66±2.19      10.47±2.78     0.821
  IQ, mean±SD            103.87±11.67   109.33±15.81   0.371
  ADI-R, mean±SD                                       
   Social                14.47±6.82     \-             
   Communication         13.67±4.30     \-             
   Repetitive behavior   5.20±1.66      \-             
  ADOS, mean±SD                                        
   Social                8.00±1.31      \-             
   Communication         2.80±1.21      \-             
   Repetitive behavior   1.80±1.61      \-             
   Creativity            0.53±0.52      \-             

ASD, autism spectrum disorder; TDC, typically developing children; IQ, intelligence quotient; ADI-R, Autism Diagnostic Interview-Revised; ADOS, Autism Diagnostic Observation Schedule.

###### Comparison of Activated Brain Areas During the Task in ASD and TDC

![](ymj-59-897-i002)

  Condition   Comparison    Hemisphere             Region                   BA    Talairach coordinates   t-value   *p* value   Size                
  ----------- ------------- ---------------------- ------------------------ ----- ----------------------- --------- ----------- --------- --------- ------
  N           TDC\>ASD      Right                  Parahippocampal gyrus    19    36                      −46       −2          −3.19     \<0.001   1428
  ASD\>TDC    Left, Right   Precuneus              31                       6     −46                     37        3.14        \<0.001   1060      
  M           TDC\>ASD      Right                  Ventral stream areas     19    36                      −46       −5          −3.41     \<0.001   6292
  TDC\>ASD    Left          Ventral stream areas   37                       −39   −70                     1         −3.22       \<0.001   3880      
  MM          TDC\>ASD      Right                  Inferior frontal gyrus   47    30                      32        −11         −3.17     \<0.001   1040

ASD, autism spectrum disorder; TDC, typically developing children; N, neutral; M, matched; MM, mismatched; BA, Brodmann area.
